According to World health organization (WHO) list Stenotrophomonas maltophilia is one of the 7 1 leading opportunistic multidrug-resistance pathogen in hospitals worldwide 7 2
(http://www.who.int/drugresistance/AMR_Importance/en/). S. maltophilia causes variety of 7 3
infections including respiratory tract infections, bloodstream infections, bone and joint infections, 7 4 urinary tract infections, endocarditis and meningitis (1). S. maltophilia is having intrinsic resistance 7 5
to multiple groups of widely used antibiotics such as: cephalosporins, carbapenems, 7 6
aminoglycosides and macrolides (2) . Till now, trimethoprim/sulfamethoxazole (TMP/SXT) and 7 7
levofloxacin were considered as the mainstream therapy for such infections (3, 4) . Elevated reports 7 8
of resistance to both of these drugs is a growing concern worldwide (1). Hence, their rapid 7 9
identification and investigation are key towards the successful treatment. 8 0 S. maltophilia has been reported to acquire resistance through integrons, transposons and plasmids 8 1 conferring multiple resistance genes (5) . There are various PCR-based or draft genome based 8 2 studies for the identification of these resistant strains (6) (7) (8) . Until now, ISCRs (IS91-like elements 8 3 common regions), considered as gene-capturing systems of 21 st century are also found in the range 8 4
of extreme drug resistant (XDR) bacteria carrying antibiotic and antimicrobial resistance genes (9, 8 5 10). For instance, in Shewanella xiamenensis the ISCR was linked with antibiotic resistance genes 8 6
along with resistance genes for biocides heavily used in hospital settings such as: quaternary 8 7 ammonium compounds (qac), heavy metals (mercury resistance genes) etc. (11). Interestingly, 8 8 ISCR in S. maltophilia strains are also associated with sul genes. These are majorly reported from 8 9 plasmids or with very low confidence, predicted to be chromosomally encoded (5, 12) . Lack of 9 0
complete genome based studies of XDR S. maltophilia, limits our understanding of the genomic 9 1
context of the resistance genes cassettes. Such an information will be critical to understand genome 9 2 dynamics particularly for new strains carrying multiple alleles that are spreading by integrons 9 3
which carry array of antibiotic resistance genes linked to ISCR elements (13). 9 4
Developing countries like India have high selection pressure because of heavy antibiotic and 9 5 biocide usage and high patient density coupled with tropical climate setting. Recent reports 9 6
revealed rapid emergence of extreme drug resistance in India in sulfonamide resistant S. 9 7 maltophilia and carbapenem resistance conferred by New Delhi metallo-beta-lactamase 1 (NDM-1) 9 8
in Enterobacteriaceae strains (1, 14) . Furthermore, studies have reported emergence of biocides 9 9
(absolute ethanol, povidone iodine, sodium hypochlorite, and QACs) resistance among multidrug 1 0 0 resistance bacteria such as: Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and 1 0 1
Staphylococcus aureus and diverse biofilm forming bacteria of dairy niche (15, 16) . Use of 1 0 2 emerging cost-effective nanopore technologies are revolutionizing investigation of such extreme 1 0 3 antimicrobial resistance by allowing rapid access of complete genome information. In the present 1 0 4 study, we report isolation and complete genome based investigation of a novel sequence type (ST-1 0 5 366) of extreme drug resistant strain belonging to Smc from a tertiary care center in northern India. 1 0 6
Complete genome level study of the strain indicates its highly dynamic nature and found to harbor 1 0 7
fourteen dynamic regions (DRs). The strain also harbours two diverse chromosomal integrons 1 0 8
linked to an array of antibiotic resistance genes along with IS elements and antimicrobial resistance 1 0 9
genes. Overall, the study indicated serious long term consequences of high selection pressure for 1 1 0 rapid emergence and evolution towards complete antimicrobial resistance strains in Indian 1 1 1 hospitals. At the same time, the study highlights the need to employ rapid and long read 1 1 2 technologies to carry out complete genome based investigations to understand and manage extreme 1 1 3 drug resistance at global level. Bacterium was isolated from the respiratory specimen of hospitalized patient from Bertani broth. Bacterial cells were harvested and high quality bacterial genomic DNA contamination was accessed using the CheckM v1.0.11 (21) . Genome coverage of the SM866 All the complete 16S rRNA gene sequences were aligned using ClustalW (25). Phylogenetic 1 6 5 tree was constructed based on neighbor-joining method was created with 1000 bootstrap. More robust phylogeny was constructed using > 400 conserved gene using PhyloPhlAn (27).
Complete genome proteome of all the type species of genus Stenotrophomonas was used for 1 7 4
the construction of the phylogenetic tree. X. campesteris ATCC 33913 was used as outgroup. Further, taxonogenomic analysis of the strain was performed using orthoANI (28) The plasmid profiling was performed for isolate SM866 using FosmidMAX DNA 1 8 8
Purification kit (Epicenter, Illumina). For this the bacterial sample was grown in 10 ml of LB and incubated for 28 ºC for 16 hours. Bacterial cells were harvested by centrifugation at 8000 1 9 0 rpm for 5 minutes. Plasmid isolation was performed as per the manufacturer recommendations. 5µl of sample was loaded on 0.7% agarose gel to check the presence of S. maltophilia ATCC13637 (T) was used as a control. Bacterial isolation, identification and antimicrobial susceptibility 1 9 7
The strain SM866 was isolated in 2013 from respiratory specimen from an intensive care unit 1 9 8 patient admitted in a tertiary care hospital in Northern India (20). SM866 exhibited 99.5% partial 1 9 9
16S rRNA nucleotide sequence identity with the type strain S. maltophilia ATCC 13637(T). The 2 0 0
16S rRNA gene phylogeny using all the type strains of the genus Stenotrophomonas clearly showed 2 0 1 that our isolate was in Smc (supplementary figure 1(A) ). For the phylogeny, we have considered 2 0 2 all the known novel genomospecies of the Smc (SM5815, SM3123, SM10507 and 2 0 3 SM16975) (33). Further, antibiotic resistance profiling revealed that SM866 is resistant to all the 2 0 4
antibiotics tested which includes trimethoprim/ sulfamethoxazole, levofloxacin, chloramphenicol 2 0 5
and ceftazidime. The zone of inhibition for the antibiotics used is in table 1. 2 0 6
Multi-locus sequence typing and population structure analysis 2 0 7
Multilocus sequence typing of SM866 revealed that out of seven housekeeping genes (atpD, gapA, 2 0 8 guaA, mutM, nuoD, ppsA and recA), it harbors three novel housekeeping alleles i.e. guaA, mutM and 2 0 9
nuoD with newly assigned accession numbers: 272, 147 and 141 respectively. Hence, SM866 was 2 1 0 assigned a novel sequence type, ST-366. Further, population structure analysis was carried out 2 1 1 considering all the STs of S. maltophilia, clearly depicting that SM866 is a singleton ST and it does 2 1 2 not belong to clonal complex of any of the already known STs (supplementary figure 1(B) ). 2 1 3
Genome sequencing and annotation 2 1 4
The complete circular genome of SM866 with one chromosome (and no plasmid) of 5.08 MB with 2 1 5 60X coverage and 66.03% GC content was obtained by assembly of the Oxford Nanopore long 2 1 6 reads and polishing with Illumina short reads. SM866 genome has been submitted to the public 2 1 7
repository NCBI with accession number CP031058. PGAP annotation resulted in 4,715 CDS, 73 2 1 8
tRNA and 4 ncRNAs. Further, CheckM estimated 99.76% completeness and 0.72% contamination 2 1 9
in the assembled genome (https://figshare.com/s/72aee1707e6a6182ac6d). Further, plasmid profile 2 2 0 of the strain SM866 was confirmed by plasmid screening resulted in no plasmid detection in 2 2 1 SM866 and the S. maltophilia ATCC13637 (T) (supplementary figure 2(A) ). Although, there was 2 2 2 presence of very faint band in SM866, which when treated with ATP-dependent DNase method was 2 2 3 degraded, inferring that to be a genomic DNA contamination (supplementary figure 2(B) ). Hence, 2 2 4 this confirms that SM866 is devoid of plasmid, as also indicated by complete genome. 2 2 5
Phylogenomic and taxonogenomic analysis 2 2 6 Taxonogenomic analysis of SM866 was carried out to clearly know its species status. ANI and dDDH 2 2 7 values for SM866 were below the cut-off values for species delineation. Within Smc, values ranged 2 2 8 from 87%-93% and 34%-48% for ANI and dDDH respectively (figure1). Hence, this analysis 2 2 9
suggested SM866 to be a novel genomospecies in Smc. Furthermore, phylogenomic analysis done by 2 3 0
taking Xanthomonas campestris ATCC33913 (T) as an outgroup suggested that SM866 falls within 2 3 1 the Smc complex (figure 1).
3 2
Understanding genome dynamics in evolution of extreme drug resistance 2 3 3 SM866 was found to be trimethoprim/sulfamethoxazole and levofloxacin resistant, unlikely of 2 3 4 previous genomospecies of the Smc. We focused on the unique regions to SM866, which were absent 2 3 5 from other Smc complex strains. Interestingly, we found 14 dynamic regions (DRs) exclusively in 2 3 6 SM866 (supplementary table 1). Functional classification of the DRs along with their genomic 2 3 7
locations is provided in the figure 2 and Resistome of Smc genomospecies is represented in figure 3 . Here, among all the Smc 2 4 9 genomospecies, only SM866 was found to have sul1 and sul2 genes. Here, drug resistance genes 2 5 0 for aminoglycosides, beta-lactams, chloramphenicol, fluoroquinolones; efflux pumps like RND, 2 5 1 SMR, MFS, MATE and ABC transporters were examined. This reveals the underlying genes for 2 5 2 intrinsic antibiotic resistance of the Smc strains. Interestingly, in the vast resistome of SM866, sul1 2 5 3
and sul2 are exclusively present in SM866 only, which have been also detected in R11 and R9 2 5 4 respectively. Genome mining of the SM866 revealed presence of two sul allelles (sul1 and sul2) each on two 2 5 7 distantly located integrons of chromosomal origin ( figure 4(A) ). To our knowledge, this is the first 2 5 8 complete genome of Stenotrophomonas carrying sul genes. In addition to the sul genes, both the 2 5 9
integrons were harbouring array of other drug resistance (tetracycline, phenicol, fluoroquinolone 2 6 0 and macrolide antibiotics) and biocide resistance (mer operon, qac gene) genes linked to gene 2 6 1 capturing machinery i.e. ISCR (IS91-like elements) element ( figure 4(B) ). Cassette I (3448861-2 6 2 3472206) (DUW70_16515 to DUW70_16640) was carrying sul1, truncated qacE, bla(PME), 2 6 3 aac(3), aph(3), floR2 and tet(G) genes in the ISCR. Cassette II (3052377-3082576) 2 6 4 (DUW70_14405 to DUW70_14605) was carrying sul2, floR, aph(3), aph(6) genes in the ISCR 2 6 5 along with mer operon. Additionally, SM866 is also having smeDEF (4366825-4372654) 2 6 6 (DUW70_20855 to DUW70_20865) in the chromosomal region. flanking region and origin of the resistance genes. In the present study, we have analyzed the along with other commonly used antibiotics and biocide resistance in a highly evolved ISCR 2 8 0 is alarming. Furthermore, till date, there is no complete genome available for a 2 8 1 sulfamethoxazole resistant strain of Smc. This is also first complete genome sequence of an 2 8 2 XDR strain from Smc complex (35). Hence, genome dynamics, considering the repetitive 2 8 3 elements and mobilome of a strain resistant to main-stream drugs will be highly significant in Genome dynamics is the key for survival and evolution of the new-age superbugs. Heavy bacteria are persistent and prevalent. Hence, the effectiveness of cleanliness is always under 2 9 0 question as the hospital settings are shown to be rapidly contaminated by deadly pathogens 2 9 1 with multidrug resistant organisms like: Acinetobacter spp., Klebsiella pneumonia etc. (36, 2 9 2 37). These nosocomial pathogens have been shown to persist in the hospital environment 2 9 3 from some days to even months (38). In the present study, we have proposed that it is 2 9 4 continuous biocide exposure, which might have favored the pathogen towards acquisition and 2 9 5 maintenance of resistance through integron mediated rapid evolution. Since, ISCR element, 2 9 6 along with antibiotic resistant genes, also carried genes for biocide and heavy metal 2 9 7 resistance. Hence, the overdose of disinfectants and reduced susceptibility to them has acted 2 9 8 as a potential selection for antibiotic resistance (39). Such co-evolution of antibiotic and 2 9 9 biocide resistance has already been reported in literature for deadly pathogens (40, 41) .
Interestingly, biocide exposure of nosocomial pathogens have been reported to select for 3 0 1 multidrug resistance (42). Hence, in the present study, by investigation of the complete genome obtained using 3 1 4 transformative long read technology, we are able to successfully reveal the cryptic targeted use of disinfectants restricting to the clinical benefit and not in indiscriminate Complete genome sequencing allowed us to establish conclusively that sul genes are of 3 2 3 chromosomal origin in our XDR strain. However, presence of two chromosomal integrons in a 3 2 4 nosocomial strain indicated importance of chromosomal route and extent of selection leading to 3 2 5 emergence of such a complex strain even in clinical settings. Further, Gillings noted in his review 3 2 6
that chromosomal integrons in contrast to transient plasmid borne integrons, can become site to 3 2 7 generate genomic and phenotypic complexity. In clinical setting, integrons are reported to be of 3 2 8
plasmid origin and thought to be the result of human intervention (46). In this context, finding of a 3 2 9
nosocomial pathogenic strain with two chromosomal integrons with complex genetic cassette 3 3 0
suggests that clinical settings, like in environmental counterparts, have emerged as hotspots for 3 3 1 integron evolution. Presence of antimicrobial genes in both integrons of a novel sequence type 3 3 2
suggests nature of extreme selection happening in the hospital settings and further possibility of 3 3 3 many more novel sequence types. Particularly, Indian hospitals are tropical clinical settings, having 3 3 4
high patient density and heavy use of antimicrobials. Hence, a coordinated global research effort 3 3 5
by integrating emerging long read technologies is needed for surveillance of usage of biocides for 3 3 6
hygiene and linked/ rapid co-evolution of extreme drug resistance in nosocomial pathogens. 3 3 7 Stenotrophomonas genus along with SM866 (in red box) and Smc is highlighted in blue box. in the heat maps next to the tree generated on the scale as shown in the figure. pump genes across Smc. Genes and strains are indicated in x-axis and y-axis respectively.
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Here, presence and absence of gene is represented by green and yellow colors respectively.
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Here, SM866 is in highlighted in red box. 
